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(54) APPARATUS AND METHOD FOR CONTROLLING PERMANENT MAGNET TYPE 
SYNCHRONOUS MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress ripple 
components generated at the output torque of a 
permanent magnet type synchronous motor, even if the 
output torque of the synchronous motor changes in 
whatever manner. 

SOLUTION: An apparatus for controlling the permanent 
magnet type synchronous motor comprises a torque 
ripple suppressing control means 80, having a torque u 
ripple amplitude arithmetic means 81 for calculating the 
amplitude of a torque ripple generated at the output 
torque of the permanent magnet type synchronous motor 
40, in response to the amplitude of a torque command T* 
of the motor 40 for outputting a torque ripple amplitude 
signal Tnf, a torque ripple phase arithmetic means 82 for 
calculating a sine wave signal sin(n.9d+dn), in response to 
a phase of the torque ripple from a pole phase 0d of the 
motor, and a multiplying means 83 for multiplying the torque ripple amplitude signal by a 
sine wave signal, in response to the phase of the torque ripple to output a torque ripple 
suppressing signal Tsup* for suppressing ripple components generated at the output torque 
of the motor. Thus, the torque ripple suppressing signal is injected in the torque command 
of the motor to generate a new torque command T**. 
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oT^Sfc£;K5*A^^^^*— *t-:te^T. WE* 
-^co WE* — ^ co q IMKflEJf « t W 

E*— *o^teffiioSi;TWE*-*otB;ft hA^fd 

[8**S 2 ] Sf l tc*5V>T, mJfS h A^ V ^/wfli 
•JfKHip*»tt, WE hA^^<D*#£tcj£i:T hA^ 

y TVustmM-taa-rs fa^ y ^at(i«»#s 

R*. (ttEh^y^/HR««#4:WEjEa»fflr#fc«: 
U WE h A^ y ^»fB«*«ra*-r5*Ji*il: 

sst y 5 q $am* y tvhm** 

£ , WE q 14m* y 7VHg««-J§- ^ WEIE3£&ff 

ctq i6m* y ^m««#4:m*i-s q tarn* y ^ 

&NnKIE#R&* WE*-*<oB^&fBa>£>WEhA^ 

y ^/u(o{atttc*Bi:fciEK«[{9-^*ta*-r5 ha^ y ^ 

AHft«**#lk** WrEq«ift«y^lS««#fcWE 

ra»*— *©iM*9fi«. 

«\ we y ^»«i«*o«ie h 

/u^M^SAfj:, WE*-*Oi$S£/cf;iWE hA- 
TftJ PS-T 5 ^ £ * **« i -r 5 7kA££^5£[s] - * (DM 

*«y^»»jfs»»JB*a we q tern* y ^ 

/u»««»w«lrEq**«ai:*B*^«>ttAtt, WE*-* 

oiig^fciswE v*,* y ^ , /K7>«ft»*^tt«jE'f > 
t, we h/w^ y >^/ufi«atji#a*c*5»t5 ha-* y ? 
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q«k««y^/HK««*«>*Jl^v^iB*t, iiiteh 
[»**8] at*si 8 o^ivta^isv* 

o r s n s * ^tt^Ainffl * — 9 <ou m \z & v * 
t\ we*— ^cd h/u^»«*fcttttE*— ^<7?q(im 
t we* - ^ (oa«iffi*B t-jc& dtbAE*— ^ com 

1j h/\s?\z*£tz> y ^S^^M^Jta y TVHqj 
»Hf#*^liqtttl«y^«i*J«#«:aillCL, wis* 

- ^ o h /u ^ (ogM* i^wE*- ^ ^ q wmacJt^ 

20 &o 

i o ] i3T2E«E ■ Braejw**o>-f ^ ^ 
^t, we*— *<o b&fm^njzzzizj&cxmu*: 

h/w^ y ^SWft-^t LTWSi:*^, WE*- 

jR«-»k«r*KUTWE*— ^OHIA y 
50 y ^»»Jft#SrWE*— h/u^lt^icaA 

i i ] «r^miE • pr*««*©>f 

J: o TK» $4x5*^a^*l^»3* — ^ <^»JW*ffi«c*5 
v>T, WE*— hyw^*g*0*#S^i£i:rWE* 

-^^m^ b^? tz&cz qwm,i&}) yswxz z 

IU qtt«ffl£y^/ufiB«#i: LT»St*(C WE 

*— ?<Dmm&tefrb bfr* y ^/Koffita^/cufejEa 

WE q WmM y ^JIHfl* t WEIE 

40 ^2S{f-^^^^»LrWE*-^oai^ h^ictcs 
y /^»*»*Jt5 q wm* y ^/^nmm w 
Eq i^m* y ^»*j«^srWE*-^^ q ttm*^ 

isb*« i 2 ] ^mEE • -*imm&$c<o<< 
x o xmm * tts*^si^a;i^»a*— ^ <o©jw*fe^*5 

v^T, WE*— *tf>q«m**i^>:*:t ^I-JCISTWE 

a»L, q«m*y ^migm^k \,xnztmz. w 
jo e*— *<DmmGLW>*b b^t y ^/^ffifiic^c^jE 



3 

#fjis q MttSE y ^u»«o«^S:«jib*-^ ^ q 
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MW-S*— *om*h/u*«:iv&»J:5ttSMCA* (St 

- 1 6 3 5 9 1 #PB§ 63-31493 

fccfclMfM 5 ?! 0- 1 9 1 6 8 0-f|-4*«Mrt\ ^ — *<D 

[0 0 0 3] 

ttW*s/jj$jxrv^v\ i-**>t>, h/u* y ?VkdA# 

hsi'fnxzzizfccT&ik'i'ZX ? terns 

Mil, +»*«HBI*s-e#ftv^ 0 *>5iM±. i8*|jEKfto 

[0 0 0 4] ^^O^jStt. =£—?<D\&t> hJ\s?&^ 

is J: £ 5 c <b 6 . 

[0 0 0 5] 
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mw^m*. h/^M^t $jcjESCTqW©«ty 

«*««y^a««#i:IK«(t#i:*r*JlU, q MS 

«y^»»j«#*:aAi-5*ll*ik*»b*riti-5. * 
* y ^Hft*B»»#« t , q wmk y ^*«flr# £ m 

[0 0 0 6] 

0ffi£fflV*-CRWi-*. Hltt % **^<75» ionise 

^c^ov^T, iEat«agi 0(7>iESKia;EEfi>f ^ 2 o-e 

2 0<7?m^f4^c^^^S8^e— ^ 4 0^«J&*tL, r 
^{S^^fi3ti5 0, igftttffi»6 0*r«fiBJc»*t, SUE 

l fc a* , fi s/us^rc- ¥m—<Dm%s 

[0 0 0 7] M^^7 1 d»bStflt»«o)*3ftS|H* 

^ ttAM«P#A7 2(cA^$ix^ 0 5SS»J»#»7 2fi. 

co{g^tcici:Tiijf^L, *<othjim ^ 4 
*fs*T*ii, y ^mj«j«jw#© 8 o 

rt-C»»$ixfc bA-* y ^»iM«#T s u p*^:^D^ 

/i5 0 jJDg3M£8 4©ffi*fg#T**ttq*!il|;atJg*^a 
7 3I^A^^tU, qtt««ft«*^«7 3T'ltf/:/i 

^}f*«*T**^JCi:yS:q*lim«tS* I q**s«R*Six 
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fa&ft<om<$XtbZ>&$&QM?i^\ d*£gt3£U CCD 

d $&m$fci^H§# i d*^mat^#©:7 5ica^£*x 

gftli^T.JK. d$ftm^£^ I d*H^t^^$tt5o 

m^mm^7 st*, d^^^qiA^m^^i d 

*, I q*£B£H{£f@*$m§£5 O^<b<D{£*i{f-S§-0 d£t> 

it^qfflCOit^miElB^Vd*, Vq*lC&5 0 mMfflffl 
5COfll^fffVd*, Vq*tt, PWM/^7^§4 

d*, Vq*^UI^^^2 0$:»t5PWM 
X/u^jf^?:^ 2 0 Ciii^t 6o ^/W2 

0 ~Cf3\ PWM^VUJ*S§£^IS:7 6^fj(DPWM/^ 

Tm = T+ f n (T) -sin (n 
Tm : * — ?mJj Y^t > T : TmCO^M (iEflfL^) 

f n (T) : n&CD h/V* V -f^<DWM* (T^^-T5^i 

0 d : mLmfaft. 6 n : n&CD Yj\«? V 7 ;\<><D%m{tLteK 

T s u p =— f n (T) 
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*^^^;^^~^ 4 oco^S, Y^?is£xf® i ffi.& 

fflWZfr. *£jH£LT, l^^^e-^4 0<omt> YfrtlC 

[0008] x&w^&nz ym y ^W^«]*J^^ 

in 2. m3&m\<^x%iwi-z> 0 D2ii, jk^awztrajw 

y ^WS^ ( h/w^ y ^/u) T n f cDM*S#t£ 
£^-to g}2lC*5^T, 4, 6, 1 2f£/3c#£:te> 

fc2tLT4, 6. 1 2^CDjlS^T^^i"5 y ^ 

HI 3 It, ffitltefS (d$4^) 0 d^-rs^-y^w* 

^^^^^r^o EI 3 ClT^-fJ; 9 lc, SMitetS 0 d lc*t 

• 0 d + 6 n) ( 1 ) 

O^mt-tZ (T*-T) 0 t£oT, F/^y^fl) 

®\-rz>tc£>\cte^ (l) co;£iZ2fg2il<7)j&#£^ 

-rzmr s u p^r ^^^^i^^?iA•ri^^^«tv^r 

rrr% Tsupii %t#: (i) 

s i n (n • 0 d + 6 n) (2) 

★^^icov^, ^#ffHc^-r<h, ^e-^m^h^^T 



[0 0 0 9] U2 tm3<D£ otH Y;^? y T/A-^ 1:5*50 mte, 



Tm = T+ f 4 (T) 
+ f 6 (T) 
+ f 1 2 (T) 

k%:2><DX\ nffliB^-T s u pte, 

Tsup=-|f4 (T) 

+ f 6 (T) -s 
+ f 1 2 (T) • 
(Di^C^So TfC**1-6 4, 6, 

1 2 h/l^ y TVkJOBSS ( f 4 (T) s f 6 

(T) , f 1 2 (T) ) li, 0 2<O3l»JB»^e>|p]3t'C 
$e>t£, S3^{4t@ (6 4 , 5 6 , 6 1 2) ttH 3 (0 

[0 0 10] W_b, RflLt h/u^ y^KO»«BI 
Mt, H 1 W h/v^ y //^JW^S 0 (CtoTT'I 

t?$ix5 0 y ^s««»^«;8 1 m&MW 

SS'lOSCfc y ^8««»Tn f (= f n (T 

*) ) «r«*L, *»fH!8 3^tt*t5. h/u^y^ 



sin (4-0d + 64) 
sin (6 • N+66) 
•sin (12-0d+6l2) 
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•sin (4-0d + 64) 
•sin (6 • 0 d + 6 6) 

sin(12-0d + 612)} (4) 

ftf@0 dfrb 9 ^OffiffiCCJCUftiJESSA#s 

in (n • 0 d + 6 n) SriSjl U **^lft8 3 — 
40 t5o SH^IS: 8 3 11 WU^ y ^/uflJ^Jff *T n f t Y 

u h;^ y ^mwiflt t s u p*ifflAt5. ** 

*S8 3^tti^lT-fe6 Y/i>? y ^»M«#T sup* 

CD h/u^ y //^^n, W4li5n, hyu^y^yw 
<^gH^f n^r h/u^ !;^/wfiBia*f98 1 t Yj^^ ]) 
Zf 8 2^M^gfT'feSo b/i-^y 

50 ^ ^ (n. 6n % f n) 12, (El 2 <t HI 3 \C7jk Lfe J: 0 ft 
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URIC £9* l^5tLfc«l«:^*KJ£-t-5as, 

-? i^WSl'^ * — ^KfS8 5^bh^^ y^A-^B 

<, h/u**£<£T*£&hA^ D^/Hn f £r<*>M^£ 

2 0%. 4 0%, £ 2 0%#^{-tti^lL/c^cO 70 

# y ^otgBtasjeu -^n-etLom^ 1 

A* J: 5«-3^bLJ: 5 £ toll h/i-f \c£.CZ>» ^tiL 
[0 0 1 1] m4\Z, ^^0^cD^2^^Jg^ffi^r^-r o 
tW—#»Ot>OttHI— 

5 0 FA** y ://Hfl#Jtt*T s u p*<£> 

ESS — h«*©««»"?*>5. 

Jgffio Wi^ y ^uflUBMUPsfts JhfSftm s ~ft+m s co 

w^j-r^t f^* y ^©HSft^Rm s cosssui 

iJ-^y >?femfab [max=l / (2«Ts) 

T=3 • p • Oa • I q + 3 • p • 

p :*-?<nm#& mm/2) 

Ld : di^y^^^^, Lq : qW-f^^^ 
I d : dWmfiD. I q : q *6@tft 

T = K t • I q 
K t : F/l^5£ft (=3 • p -<Pa) tit:^ J t' 

F/^TteqtttMfc i qi;:Jfc0y-rs o ft* 

( 2 ) O h y ^ttJ^JMT supfl ft* ( 6 ) a» 50 
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;K 5 0Hz^y/<-^||«(Di^ll fmax = 
1/ (2 X 1 m s ) = 5 00Hz<18ftX50Hz = 

-Cli, FA-* y ^ftJf&Jfi-S-T s u p*<0£A£r^— 

^a«o>jcjscT y ^»»jfs#»ji8*a8 e\z 
co^is «i) &mzx&*izh/u* vzf/^nmm^r 

z/A^ra&ftKgyS U «ifa«-§-(Ofi||fiS:*iJ»rUTfcJ: 
^fw<-^JI$ftt*U»TlTt«t^, FA- 

* y -^co^jpg^^-f isv^«»*-e fa^ 

y y/U(7>ra»^SjlKJc^ofc^^T h/u^ y 

[0012] B5lt *38W<0|g 3 (OMMMm^^i-o 
^J-T5fc^O h/u^ y ^/u«iSJ«#T sup*^ F/u* 

S*T*-Ctt*<. q«l««E*i* I q*f-ftAi"6^tC«p 

»*sfc5o ilitt y ^u»*JfilSP#S: l 0 0 , 

q «m?5fL y ^/uaHssnt^a 8 7 . ^^^^ 8 8 . ^jd^ 

(Ld-Lq) • I d • I q (5) 

^mfici dittizmmztizztfrb* stst (5) co*ia 

JB2JSli*i*5o ^^T% ft* (5) ^^322^1iI(D 
9*>> H>Ptftp a 14— JgTfe^COT, 

I qJW^^r^ftK t kLX&tfrZt, * — ?<D 

(6) 



-5- 
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m y tvm^hi * i qsu P *^At6 0 msicio^ 

7 3 Zfrs q «b@«tlt^ I q *t^& $ ft 

HJkKzYjW) ://u#WBMf»#S 1 0 0F^T-*a3?£ft*: 
q y 7Vu»fa« * I q S U p * t flDlS^© 8 9 \Z 

«fc*q I q 

q MSX y 8 7 ^ ££Mffl) 

#*fCJCCfcq(*m8B» q n f (= f n 

(T*) ) ISfl8 8-tBm Sfcg^ 

is: 8 8 q wm^fc y :/a«*hi-s§- i q n f £ y 

://Wfc«fit*#»8 2*»k<7):EffiR«#i«r*JJU q 

i*««fty ^»*jfs#i q s u p*££ti;>j-r5 0 

a 8 8 COffi^JT^5 q MASK y ^/^#JlSJ«# I q s u p 
*D»#« 8 9 J: 9 q «S8t*g<£ I q *1-&A S ix 

6o h;^ y ^«^7 ^ - ^KHf S 8 5 fi, »M 
:7Vu«r q $4SScl-lft» Lfc§8* fn^q fitl y ?VHB 

8 7 1 h/i^ y ^Hftffistw^as 2— tts^j 

*3*L5±IE'*7*— * (n, 5n x f n) tt. Si© 

0 4©h/u* y ^uMi»J«-g-(DaASrfPJI8"r5 y 

^/u«i*j«-©-*jR#a8 6 twawc:, e©ftJR3M£8 6 

Rt 6 q Nf S !) ^/w#WWI*«IH*a (H**i*) a* 
MfflX£ 5o 

[001 3 ] ID 6 te, *&W<Dm 4 <&3IJ6?Kffi 5: 
ID 6 (c&^TID 5 <h fc^f*lR]—#*tt£:* 

5£ (6) oWTfiqMSl qtcM:^Ji-5w^^^J 

q*b««8*t^ I q*^b#5*JCW»^*>5o EI 

5 1 n v>\<? y ^«j0j^j^$^o o p#-§- 101, q m 

q y ^Sffl«*#® 9 0ft q ttaacs^ia: 

7 3 75^m^l^tL5 qtft^StJt^ I q*a^ h/l^iCfB 

qW««©*# Steffi: U^.qtt««Ky 

I q n f (= f n ( I q *) ) £iSISU fkM^StS 

8-m^i-5o »*¥H:8 8lt qttttSEy^SWft 
f Iqnft y ^ffi*B*Ht^a8 2^&OjEtt 

U qM«yr/u»«fitIqsup 
*$rm^-r^o »»*t 8 8©U*t*i!>5 KA'^ y ^ 

I q s u p *D 8 9 Id J: 0 q (6®^ 

q*caA*ii, mit*q$&m.ffi¥i<£m^ I q** 
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fctt*. hA^ y ^«J«I^7^— ^R£9JK8 511, 

* y >ow& q n«at^jMi b^n^ fn^q in y ^ 

/^(SStg^S 8 7 £ WU* y ^UffitBSiif$©8 2 — 
ttJAi-*. V^t y ^v»iH^7^-^RSfS8 5a> 
Jbm^^n5±ia^7^— * (n, 5n, f n) I*. % 

pie, *|llfi««B^v^TfcBi©lllfi*lB^I^«fta 
10 £C5 y ^/^»Sr»»Ji-6r tasr*#5cOT% *AB£ 

§4oh^ y ^»#jfs#oaA«r#jKi-s h/^^ y 

■ ^»«|«-»«l«#«8 6 ^I^^ld. r©»JR^a:8 6 

is-rsq«imi8y^«if6ij«*»JR$a (H«-e-i") a- 

[0 0 14] B7li, *38^«r^i^<— ^fejSfflL^H 
20 — S#»**r*i". B 1 ©iEfttm^ I0ffl5 T'Ji^Stm 
j|3yr^tl0cl:J:t»»SSti5o ^/c, ^cA^^ 

h 3a5^jgJ$tt5o *W8^« : e-^4 0t 

/u^ a^j^ jt-f s Wtt $r oigfb^ teig^-r 5 

/v^SrifiSltStcffS-e^So ; Er©^, WOW 
y //He J: oT4 C 5S D ^^©±T^®)SrfliSJ t , & 

m&izmmTznmj&mzmi <oi>(otzvxfj:< s mm 

[0 0 15] 

wstc^si-Swiras-ctSo ^^c, h^^y^aifw 

if ^-co h/u^^^oaA^cfc^qWblSM^^oaA 
Hi-Sr tic J: »j , JSt**Q;SSB*as{g:V^fiiBtt^>f =^ 

50 5^®fiogv>^a^iite XoX^e- -?<d h/u^a^ife^L 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
/&REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: _^ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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